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Abstract

Background: Rising health insurance premiumsrepresent arapidly increasing burden on empl oyer-sponsors of health insurance
and their employees. Some employers have become proactive in managing health care costs by providing tools to encourage
employeesto directly manage their health and prevent disease. One example of such atool is DASH for Health, an Internet-based
nutrition and exercise behavior modification program. This program was offered as a free, opt-in benefit to US-based employees
of the EMC Corporation.

Objective:  The aim was to determine whether an employer-sponsored, I nternet-based diet and exercise program has an effect
on health care costs.

Methods: There were 15,237 total employees and spouses who were included in our analyses, of whom 1967 enrolled in the
DASH for Health program (DASH participants). Using a retrospective, quasi-experimental design, study year health care costs
among DASH participants and non-participants were compared, controlling for baseline year costs, risk, and demographic
variables. The relationship between how often asubject visited the DA SH website and health care costs al so was examined. These
relationships were examined among all study subjects and among a subgroup of 735 subjects with cardiovascular conditions
(diabetes, hypertension, hyperlipidemia). Multiple linear regression analysis examined the relationship of program use to health
care costs, comparing study year costs among DA SH participants and non-partici pants and then examining the effects of increased
website use on health care costs. Analyses were repeated among the cardiovascular condition subgroups.

Results:  Overal, program use was not associated with changes in health care costs. However, among the cardiovascular risk
study subjects, health care costs were US$827 | ower, on average, during the study year (P= .05; t;,4 = 1.95). Among 1028 program

users, increased website use was significantly associated with lower health care costs among those who visited the website at
least nine times during the study year (US$14 decrease per visit; P = .04; t;5,, = 2.05), with annual savings highest among 80
program users with targeted conditions (US$55 decrease per visit; P < .001; t;, = 2.71).

Conclusions:  An employer-sponsored, Internet-based diet and exercise program shows promise as a low-cost benefit that
contributes to lower health care costs among persons at higher risk for above-average health care costs and utilization.

(J Med I nternet Res 2009;11(4):e43) doi: 10.2196/jmir.1263
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Introduction

Health insurance premiums have risen faster than inflation for
the past 10 years, placing an increasing burden on
employer-sponsors of health insurance and their employees
[1,2]. Some employers have become proactive in managing
health costs, providing tools that encourage employees to
directly manage their health and prevent disease [3]. Examples
include smoking cessation and stress management programs,
gym and health club memberships, and formal disease
management programs, many of which are popular with
employees and improve employee satisfaction. But thereisvery
little evidence that any of theseinitiatives actually reduce health
care costs[4].

Recent reviews of employer health promotion programs show
some success in improving employee health and productivity,
but show mixed results as to whether or not these programs
have an impact on health care costs [5]. Employers commonly
offer nutrition education programs [6,7], but there is little
evidence that such programs ater eating behaviors or change
health care costs. Yet rapidly rising rates of overweight and
obesity can contribute to anumber of high-cost chronic diseases
(eg, diabetes, hypertension, heart disease), increasing the
likelihood that health care costs for these already highly
prevalent and expensive conditions will increase dramatically
in the future.

To addresstheissue of poor nutrition and the di seases associated
with it, we designed an Internet-based nutrition and exercise
behavior modification program called DASH for Health. Our
program was based on the National Heart Lung and Blood
Institute (NHLBI) DASH diet, which was originally devel oped

http://www.jmir.org/2009/4/e43/

to lower blood pressure and which has been demonstrated in
randomized controlled trials to lower blood pressure and
cholesterol levels and heighten insulin sensitivity [8-12]. We
developed the Web-based DASH for Health program in
collaboration with EMC Corporation, a Massachusetts-based
global information infrastructure company. The program was
offered as afree empl oyee benefit to US-based EM C employees
and their family members, who could opt-in to the program and
were free to use the program however intensely they chose.
Employees and their spouses were eligible to enroll in the
program at the beginning of the calendar year in which it was
offered. During the first year this program was offered at EMC
Corporation (the same year that the health costs reported in this
paper were collected), enrollees in the program were found to
have significantly lost weight, lowered their blood pressure,
and improved their healthy eating habits [11]. Examples of
articles provided on the DASH for Health website are shown
in Figure 1 and Figure 2.

To determine whether an Internet-based behavior modification
program like DASH for Health has any effect on health care
costs, we analyzed the costs for EMC employees and their
spouses during the 12 months preceding the initial launch of
the DASH for Health program and during the 12 months
following the launch. The baseline year was the 12 months
immediately preceding the initial launch of the program, and
the study year was the 12 months immediately following the
launch. We compared health care costs of those who participated
inthe DASH for Health program with those of nonparticipants.
We analyzed costs for al study subjects and then performed a
more focused analysis on empl oyees and spouses with medical
conditions (hypertension, hyperlipidemia, and/or diabetes)
targeted by the DASH program.
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Figure 1. Example of article provided on the DASH for Health website
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YOUR STUFF ARCHIVES

HEALTH CALCULATORS
FAQ'S

SEND US A QUESTION
SEND US A RECIPE
ABOUT THE PROGRAM
LINKS TO DASH
ABOUT US

RECIPES

HEALTH LINK

LOG OUT

SEARCH

ENTER YOUR FOOD
Date: | 08/10/2009 &
Today's Weight:
Toeday's Bleod Pressure:
!
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CREAM OR MILK IN YOUR COFFEE?

¥What you add to your cup of coffee can make a big difference in the calories and
fat you consume on a daily, monthly, and even yearly basis. It all adds up! National
chains are starting to recognize that, too, and are offering lower-fat options for their
customers. Starbucks, for example, now offers 2% milk, a much lighter version
that still satisfies those customers that want a creamy cup.

Read on to learn more about how the way you dress your java and why it counts:

Think of itin terms of butter. Did yvou know that when yvou add cream, light cream, or
even half and half to your coffee, you're effectively adding butter? That's right, the fatin
cream is the same as the fat in butter. These coffee "creamers” have much mare fat
than even whole milk, 2% milk, and milk with less fat. But, yvou say, how much different
can itmake?? A LOT.

If you add cream or half-and-half to your coffee, most people add around 4 ounces to
each “large” cup (about 16 ounces; equivalent to a Grande at Starbucks or a Medium at
Dunkin Donuts). Check the table below to see how much BUTTER and how many
calories you are adding EACH MONTH if vou drink just one large coffee with milk or
cream per day.

Light Cream in Your Coffee
adds 7.6 Sticks of Butter
Every Month

4 oz. perday serving Sticks of butter per month Calories per month

Light Cream 7.6 sticks 7,100
Halt and Hall 4.6 sticks 4,700
Whaole Milk 1.3 sticks 2,400
2% milk 0.4 sticks 1,830
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Figure 2. Example of article provided on the DASH for Health website

c f EMCJ Your Personal Online Program
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DASH for Health.
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YOUR STUFF
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ARCHIVES DASH STORE TIP OF THE WEEK

HEALTH CALCULATORS
FAL'S

SEND US A QUESTION
SEND US A RECIPE
ABOUT THE PROGRAM

EAT DASH, STAY SMART

LINKS TO DASH )
ABOUT US International Conference on Alzheimer's

Disease in Switzerland announced their

RECIPES |  finding that the DASH Diet slowed the rate of

HEALTH LINK | mental decline.

LOG OUT
The study followed almost 4000 people over the

SEARCH age of 65 years who participated in the Cache

ENTER YOUR FOOD
Date: [ 08/10/2009 % |
Teday's Weight:
Teday's Blood Pressure:

County (Utah) Study on Memaory, Health and
Aging and was published as an abstract for the
conference (Wengreen H, et al "DASH diet
adherence scores and cognitive decline and
dementia amaong aging men and women:

The DASH eating plan grabbed the health
headlines again last week when a team of
researchers presenting data at the

i Cache County study of Memory Health and

suemt | Aging” ICAD 2008, p. 24).

to eat healthy... the DASH way.
CONTACT US PFRIVACY POLICY

The study participants were put into groups based on how closely they followed the
DASH diet. The results showed that the closer the participants followed the diet, the
slower the rate of mental decline. Those who strayed the furthest from the DASH Diet
had the fastest rate of mental decline.

So here is yet another piece of positive news about the DASH Diet that gives us reason

DISCLAIMER

Methods

Study Setting

The DASH for Health website was developed by a team at
Boston University School of Medicine (BUSM). The website
provides tools for enrollees to record and follow their body
weight, blood pressure, eating habits, and exercise habits as
well as providing a variety of healthy recipes based on the
DASH diet. These tools include easy-to-use entry fields for
entering weight, blood pressure, 24-hour food recal, and
exercise habits. Although enrollees were encouraged to use
these data “progress reports’ as a means of encouraging their
adherence to the program, there were no requirements or set
expectations of how often enrolleeswould enter their own data.
The website also provides two new articles each week on
improving nutritional habits (based onthe DASH diet) or hedlthy
exercise. Everyone who enrollsin the program gets areminder
email each time a new article is posted on the website. The
website is hosted at SignalZ Corporation (Montpelier, VT,
USA). Self-reported data on demographics (age, gender, and
empl oyee/dependent status) and website visits during each year
were collected by SignalZ and transferred to the research team

http://www.jmir.org/2009/4/e43/
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at BUSM. Because enrollees had to enter the site using their
username and password, standard website monitoring software
was used to track how many times a particular enrollee visited
the site. We define a“visit” as a unique instance of an enrollee
logging on to the site.

When the program was about to launch, EMC Corporation
informed employees that DASH for Health would be available
at no cost to them and their adult household members. EMC
had no other role in the program. EMC management had no
access to the identities of the subjects or to their medical data.
Once the program began, the employer took no role in
encouraging website usage. The announcing emailsfrom EMC
leadership clearly stated that the employer would not know any
enrollee’s individual data or the identities of people who did
and did not enroll.

EMC'sclinical datawarehouse, Ingenix, provided demographic
and medical and pharmacy cost data for employees and their
adult dependents. These dataincluded date of birth, gender, and
employee status. D2Hawkeye, a medical analytics firm
speciadizing in data warehousing and health claims analysis,
provided data cleansing services and summarized study subjects
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demographic information, condition specific diagnoses, and
total health care costs. D2Hawkeye cal culated arisk adjustment
factor for each study subject, using a proprietary methodology
that combinesdiagnostic, procedural, and pharmacy information
in health claims data with pattern recognition and times series
analysis. The risk index provides a single representation of an
individual’s disease burden and has been shown to correctly
distinguish high-cost and low-cost persons 77% of the time.
Additionally, the likelihood that an individual will be in a
high-cost group increases as the risk index value increases. We
used an extension of the risk index, the adjusted risk index
(ARI), which incorporates assessments of gapsin care (medical
or pharmaceutical) for various conditions [13].

We used individual subject-level linkages to merge data on
DASH for Health participants website visit frequency with
health care cost data and other variables. A subset of study
subjectswas identified with evidence of diabetes, hypertension,
or hyperlipidemia, conditions that could be expected to benefit
fromtheimproved dietary behaviorsthat are encouraged by the
DASH for Health program. This subset is referred to as the
cardiovascular (CV) risk group. Data were managed and
analyzed using SAS, version 9.1.3 (SAS Institute Inc, Cary,
NC, USA). Approval for this study was obtained from the
Boston University Institutional Review Board.

Study subjects with missing data for key fields such as age,
employee status, or gender were excluded, as were DASH
participants with no matching entries in the health care cost
files. These enrollees were either not covered by the EMC
insurance plan or were not affiliated with EMC at the end of
the study period. The study was limited to study subjects with
health care costs in both study years to ensure that those with
bad claims data reported as negative or zero amounts were
excluded from the analysis and to increase the likelihood that
the analysis was restricted to those with primary insurance
coverage through EMC. Information on job classification was
not included since baseline year health care costs and risk
assessment are proximal for our analysis.

The total number of EMC employees and their spouses was
29,675, of which approximately 75% (n = 22,354) werereported
to have received health coverage through EMC and had health
care costs in the baseline or study year. Sixty-eight percent (n
=15,237) of these subjects had costsin both years. Additionally,
3797 EMC employees or spouses enrolled in the DASH for
Health program and used the DASH program website at least
once in the study year (DASH participants). Seventy-three
percent (n = 2756) of these DASH participants were found in
the health claims summary file, and 71% (n = 1967) of these
2756 had health care costsin both years. Thefinal study sample
(N =15,237, DASH = 1967, non-DASH = 13,270) a so reflected
the restrictions described above.

Analysis

In univariate analyses to describe our sample, we generated
means and standard deviations for continuous variables and
counts with percentages for categorical variables. We used
bivariate analyses to examine the relationships among
demographic, annual health care cost, and website usage data
for 15,237 study subjects over the 2-year baseline and study

http://www.jmir.org/2009/4/e43/
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year period. In these analyses, we employed chi-sguare tests
for analyses of categorical data and two-sample t tests for
comparisons of continuous by categorical variables. Multiple
linear regression analysis examined the relationship of DASH
program enrollment with study year health care costs, controlling
for other salient factors. To control for potential bias of
self-selection of the DASH participants, we used a logistic
regression model to construct apropensity score that represented
the likelihood of participation in the DASH program. Studies
that use observational data, as ours does, are subject to bias
because the “treatment” and “ control groups’ are not randomly
assigned and may differ in ways that affect the outcome of
interest. A propensity score, which represents the conditional
probability of receiving a given treatment, given a vector of
measured covariates, isfrequently used in such studiesto adjust
for differences in the observed characteristics between the
treatment and the control groups. Our use of logistic regression
isone of several recommended approaches for determining the
propensity score [14].

All available study variables were included in the propensity
score model (baseline year risk index and ARI, baseline year
costs, age, gender, and employee status). We then used a linear
regression model to compare study year costs anong DASH
and non-DASH participants, controlling for age, gender, ARI,
baseline year costs, and likelihood of DASH participation
(propensity score). In this model, study year total health care
costs was the dependent (outcome) variable; independent
(predictor) variables were DASH participation, age, gender,
employee status, baseline year ARI, and baseline year total
health care costs. Next, because stronger effects of an
intervention are often observed in the most compliant or frequent
participants, we examined whether more frequent use of the
websitethanistypical ismore strongly associated with reduced
costs among DA SH participants than across the full range of
website use overall. For this, we used asimilar linear regression
analysis to evaluate the relationship of website usage intensity
at or above the median to health care costs in the study year.
Study year total health care costs was the dependent variable;
independent variables were number of website visits, age,
gender, employee status, baseline year ARI, and baseline year
total health care costs. We repeated these analyses using the
735 DASH CV risk group and non-DASH CV risk group study
subjects who showed evidence in both study years of diabetes,
hyperlipidemia, or hypertension.

To address the skewed distribution of the cost data, baseline
and study year costs in al analyses were top-coded at
US$25,000, which represents the 99th percentile of annual
health care costs in our study population. Website usage was
top-coded at 75 website visitsto address skewness. The analyses
were repeated using trimming to remove high-cost outliers,
using the entire study population and using top-coding at other
thresholds. As top-coding is recommended for reducing the
effects of high-cost outliers on model results while retaining
useable observations, we report results of those analyses here.
Our choice of US$25,000, or the 99th percentile, is aso
consistent with others [15-17].

As part of model development, we added interaction terms as
covariates and conducted additional analyses where we limited
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study subjects to employees, males, and male employees,
reflecting the larger number of employeesand malesin the study
group. To account for nonlinear effects of DASH participation
and website use intensity, we grouped study year costs into
quartiles; we also grouped website visits and study year costs
into quartiles. There were no differences suggesting that the
interaction terms, study population restrictions or groupings
should be included in the final model as none of these
modifications affected the results. We repeated the analyseswe
report here using sguare root and log transformations for all
cost variables because of their good performance with
heteroscedastic health care cost data [18]. Our results based on
the transformed data were similar to those observed using the

Table 1. Baseline characteristics of DASH and non-DASH participants

Sacks et d

untransformed data. Thus, to allow for ease of interpretation,
we present results here for the untransformed data.

Results

All Study Subjects

Demographic, ARI, and baseline medical and pharmacy cost
information were gathered for all study subjects (N = 15,237)
and for the subgroup of subjects with CV risk conditions (N =
735). These measureswere also examined for DASH (N = 1967)
and non-DASH (N = 13,270) participantsoverall and inthe CV
risk group (DASH: N = 134; non-DASH: N = 601). These
results are shown in Table 1.

All Study Subjects

CV Risk Subgroup®

Total DASH Partici- Non-DASH Partici- Total DASH Participants Non-DASH Partici-
(N =15,237) pants pants (N = 735) (N = 134) pants
(N = 1967) (N = 13,270) (N = 601)

Cost baseline year (US$)

mean (SD) 2684 (7164) 2181 (4351) 2758 (7489) 5663 (10,089) 4239 (6335) 5980 (10,727)

P25/P50/P75P 327/934/2612 345/933/2224 324/935/2563 1401/2772/5783 1002/2028/4527 1490/2849/6020
Cost DASH year (US$)

mean (SD) 2814 (7835) 2413 (4315) 2879 (8228) 5929 (13,611) 3425 (3667) 6487 (14,897)

P25/P50/P75 358/1006/2621  442/1145/2700  347/981/2607 1394/2681/5755 1146/2318/4222 1467/2848/6152
Baselineyear ARI

mean (SD) 3.70 (6.80) 3.52 (6.04) 3.72(6.91) 12.14 (13.70) 10.10 (9.73) 12.59 (14.41)

P25/P50/P75 V3 13 13 3/7/16 2/6/14 3/8/17
Age (years)

mean (SD) 40.2 (9.2) 40.7 (9.1) 40.1(9.2) 475 (8.54) 46.1(8.28) 47.8(8.57)

P25/P50/P75 33/40/46 34/41/47 33/40/46 42/49/54 41/47/52 42/49/54
Gender, % (no.)

Male 46 (7041) 56 (1116) 45 (5925) 65 (476) 73(98) 63 (378)

Female 54 (8196) 44 (851) 55 (7345) 35 (259) 27 (36) 37(223)
Enrollment status, % (no.)

Employee 55 (8384) 84 (1659) 51 (6725) 64 (469) 85 (114) 59 (355)

Spouse 45 (6853) 16 (308) 45 (6853) 36 (266) 15 (20) 41 (246)
Websitevisits

mean (SD) N/AC 12.0(17.0) N/A N/A 16.9 (26.3) N/A

P25/P50/P75 N/A 3/9/12 N/A N/A 3/9/17 N/A

&V risk group subjects show evidence of hyperlipidemia, hypertension, and/or diabetes in both years.
b p25/P50/P75 equals 25th, 50th, and 75th percentiles.

®Not available.

Among the 15,237 study subjects, 55% (n = 8384) were
employees, while 45% (n = 6853) were spouses. The overall
study sample was 46% male (n = 7041), with an average age
of 40.2 years. Averagetotal baselineyear health care costswere
US$2684. A dightly higher proportion of the DASH participants
was male, compared to the non-DASH participants (56% vs

http://www.jmir.org/2009/4/e43/

45%). The average age of the DASH participantswas40.7 yesrs,
dlightly higher than the non-DASH participants (40.1 years).
DASH participants were mostly employees (84%; n = 1659).
DA SH participants had amean ARI of 3.52, which was dlightly
lower than the mean ARI for the non-DASH participants (3.72).
Average total costs among DASH participants in the baseline
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year were lower than among the non-DASH participants
(US$2181 vs US$2758).

Table 1 also shows demographic, ARI, and baseline year health
care costs for the DASH and non-DASH CV risk groups. This
subgroup was 65% male (n = 476) and 64% employees (n =

Sacks et d

469), with an average age of 47.5 years, older than the overall
study sample. The mean baseline year ARI of 12.14 (DASH:
10.10, non-DASH: 12.59) was also higher than in the general
study sample, as were mean total baseline health care costs
(overall: US$5663; DASH participants: US$4239, non-DASH:
US$5980).

Table2. Predictors of costsin DASH year: DASH vs non-DASH (overall and CV risk group)?

All Study Subjects CV Risk Group

(N = 15,237) (n=735)

Differencein Mean Study Year p (1€ Differencein Mean Study Year  p (1€

Cost? (SE) Cost? (SE)
DASH use vs non-use® $85.14 ($90.83) 35 (0.94) -$826.95 ($424.81) .05 (1.95)
Age $8.18 ($3.31) .01 (2.47) $50.40 ($25.85) .05 (1.95)
Malevsfemae -$453.05 ($156.98) .004 (2.89) $88.90 ($645.85) .89 (0.14)
Employee vs non-employee -$136.45 ($370.54) 72(0.37) -$2862.85 ($1564.49) .07 (1.83)
Basline year ARI® $123.46 ($5.92) <001 (20.85) $133.69 ($17.61) <.001 (7.59)
Basaline year cost’ $0.29 ($0.01) <001 (29.00) $0.34 ($0.04) <.001 (8.50)

8Basdline and study year coststop-coded at US$25,000; study year website visits top-coded at 75; probability of DASH participation included as model

covariate (not shown).

b For age, ARI, baseline year cost: difference in mean study year costs per unit difference; unit is one year (age), one integer (ARI), one US dollar

(baseline year cost).
C Degrees of freedom=n- 6.

dpASH participants’ health care costswere, on average, US$85 higher than those of nonparticipants, although thisresult was not statistically significant.

€ Higher baseline year ARI increases were associated with higher study year costs. On average, study year costsincreased US$123 with each additional
unit increase in the baseline year ARI. A unit refersto an integer; as an example, an ARI of 10 is one unit greater than an ARI of 9.

f Higher baseline year health care costs were associated with higher study year costs. On average, study year costs were US$0.29 higher for each

additional dollar in baseline year cost.

Theresults of the linear regression analysis of study year costs
for DASH vs non-DASH in the full sample are shown in Table
2. Among all study subjects, DASH participation was associated
with increased health care costs, although this result was not
statistically significant (difference in mean costs, DASH vs
non-DASH = US$85.14; P = .35). Model covariates associated
with significantly higher study year costs were older age (P =
.01), being female (P = .004), higher baseline ARI (P < .001),
and higher baseline year costs (P < .001).

http://www.jmir.org/2009/4/e43/

Results of the linear regression analysis of study year costs for
DASH and non-DASH CV risk group study subjects are also
shown in Table 2. DASH CV risk group members' study year
health care costs were US$827 lower, on average, than those
of the non-DASH CV risk group members (P = .05). Higher
baselineyear ARI was significantly associated with higher study
year costs, with each additional unit of risk associated with an
increase, on average, of US$134 (P < .001). Each additional
dollar in baseline year costs was associated with an additional
US$0.34, on average, in study year costs (P < .001).
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Table3. Costin DASH year as afunction of intensity of website use, adjusting for covariates®
All DASH Participants CV Risk Group
(n=1967) (n=134)
Differencein Mean Study Year p (€ Differencein Mean Study Year  p (1€
Cost® (SE) Cost” (SE)
Change in costs per website -$6.66 ($5.34) .21 (1.25) -$28.45 ($14.61) .054 (1.95)
visitd
Age® $34.07($8.05) < .001 (4.23) $17.50 ($31.57) .58 (0.55)
Malevs female -$458.43 ($161.07) .005 (2.85) -$1121.62 ($686.75) 11(1.63)
Employee vs non-employee $66.82 ($215.01) .76 (0.31) -$39.67 ($861.64) .96 (0.05)
Basdline year ARIf $60.24 ($16.74) <.001 (3.60) $54.48 ($36.69) 14 (1.48)
Baseline year cost? $0.30 ($0.03) <.001 (10.00) $0.34 ($0.07) <.001 (4.86)

DASH Participants Website Use at or Above Medi an”

(n = 1028)

DifferenceinMean Study Year p (td)

CV Risk Group Website Use at or Above Median”

(n=280)

Differencein Mean Study Year

P (t%

Cost? (SE) Cost? (SE)

C_hgnge in costs per website  —$14.26 ($6.97) .04 (2.05) -$54.61 ($20.16) .01 (2.71)
visit

Age $49.22 ($11.87) <.001 (4.15) $18.69 ($47.47) .70 (0.39)
Malevsfemale -$444.33 ($230.67) .05 (1.93) -$1855.55 ($940.40) .05 (1.97)
Employee vs non-employee $141.08 ($301.12) .64 (0.47) $757.00 ($1286.59) .56 (0.59)
Baseline year AR $109.73 ($26.49) <.001 (4.14) $98.59 ($55.97) .08 (1.76)
Baseline year cost $0.24 ($0.04) <.001 (6.00) $0.25 ($0.12) .04 (2.08)

@Baseline and study year costs top-coded at US$25,000; study year website visits top-coded at 75.

b For number of website visits, age, ARI, baseline year costs: differencein mean study year costs per unit difference; unit is one year (age), oneinteger
(ARI), one US dollar (baseline year cost).

C Degrees of freedom=n- 6.

d Among all DASH participants, each additional website visit was associated, on average, with a US$6.66 decrease in study year health care cost. This
result was not statistically significant. Among CV risk group DASH participants, each additional website visit was associated with a US$28 decrease
in study year cost; this result was not statistically significant at the P < .05 level. Among DA SH participants who visited the website at |east the median
number of times during the study year (nine visits), each additional visit was associated with a US$14 study year cost decrease. Among CV risk group
DASH participants who visited the website at least the median number of times for the CV risk group (also nine visits), each additional visit was
associated with a US$55 decrease in study year cost.

€Among all DASH participants, each additional year of age was associated with US$34, on average, higher study year health care cost. Among DASH
participants who visited the website nine or more times during the study year, each additional year of age was associated with US$49 higher study year
health care cost. Among CV risk group DASH participants, the relationship of age to study year health care costs was not statistically significant at the
P <.05level.

fAmong all DASH participants, each additional increment in baseline year ARI was associated with US$60 higher study year health care cost.

9 Each additional dollar in baseline year costs was associated with increased study year health care costs as follows: US$0.30 among all DASH
participants; US$0.34 among CV risk group DA SH participants; US$0.24 among DASH participantswho visited the website at | east nine times; US$0.25
among CV risk group DASH participants who visited the website at |east nine times.

h Median website usage for all DASH and CV risk group DA SHparticipants: nine visits.

Results of the analyses of intensity of website usage and study  participants whose website usage was at or above the nine-visit
year costs are shown in Table 3. Among 1967 DASH study year median (n =1028), each additiona websitevisit was
participants, each additional website visit was associated with  associated with alUS$14 decreasein health care costs on average
amost aUS$7 decreasein study year health care costs, but this (P =.04).

result was not statistically significant (P = .21). Among
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Figure 3. CV risk group change in unadjusted total costs from baseline to DASH study year in DASH participants vs nonparticipants

Figure 3 comparesthe changein crude study year costs, relative
to baseline year costs, among DASH participants versus
nonparticipants in the CV risk group. Among DASH CV risk
group participants, study year health care costs were US$814
lower than baseline year costs. Among DASH nonparticipants,
study year costs were US$507 higher than baseline year costs.
These results are not adjusted to control for age, gender,
employee status, or baseline ARI.

Results of the analysis of website use intensity in the DASH
CV risk group areal so shownin Table 3. Among the 134 DASH
CV risk group members, each additional website visit was
associated with a decrease of approximately US$28 in health
carecosts (P = .05). Among those who used thewebsite at |east
the median number of ninetimes during the year (n = 80), each

hittp://WwWw.j mir.org/2009/4/e43/

XSL-FO

RenderX

additional visit was associated with a US$55 decrease in study
year costs (P = .01).

Discussion

Wedid not find DA SH participation to be associated with lower
health care costs in the overall study sample. With an average
age of 40 years, an average ARI of 3.7, and minimal health
services utilization, this study sample is relatively young and
healthy. The significance of higher baseline year risk and costs,
female gender, and increasing age as predictors of study year
costsisconsistent with arelatively young, commercially insured
population. Improvementsin diet and exercise habitswould not
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be expected to address the highest expenditures in this
group—pregnancy and childbirth, depression, and back pain.

We found suggestive evidence that DASH program use was
associated with decreased health care spending among study
subjects with CV risk. Within the DASH CV risk group,
participants’ study year health care costs were US$827 lower
than for the DASH nonparticipants. Although this result only
achieved a significance level of P = .05, the reduction in mean
costs from DASH participation (US$827), which was nearly
twice the standard deviation (US$425), indicates that the effect
sizeisquitelarge; the model R-square, 39%, isalso noteworthy.
Improvementsin diet and exercise would be expected to address
health care expenditures among study subjects with
hyperlipidemia, hypertension, or diabetes. This subgroup is
older (average age 47 years) and less healthy, with a baseline
year ARI more than threetimesthat of the general study sample.

We aso found evidence suggestive of a dose-response
relationship. Among DA SH participantswho visited the website
at least nine times during the study year, each additional visit
was associated with lower study year costs overall (P = .04)
and in the DASH CV risk group (P = .01). Evidence of this
dose-response was strongest among the DASH participantsin
the CV risk group, where each additional website visit was
associated with aUS$55 decrease in study year health care costs
(P=.01).

The DASH CV risk group participants baseline ARI (10.10)
suggeststhat they may belesssick than the non-DASH CV risk
group (baseline ARI = 12.59). However, the DASH CV risk
group, with conditionstargeted by the DASH program, wasthe
only subgroup that showed adecreasein health spending. Health
care costs among DASH enrollees decreased 24% between the
baseline (US$4239) and study years (US$3425) in the DASH
CV risk group. By contrast, health spending increased US$507
(8%) in the non-DASH CV risk group and approximately
US$130 per person (4.8%) across the genera study sample.

We also found evidence of selective enrollment in the DASH
program by study subjects with hypertension, hyperlipidemia,
and diabetes. Despite being offered as a benefit to all employees
and their dependents, participation in DASH for Health was
proportionally higher (18%) among individuals with CV risk
conditions (ie, those who might benefit most from nutrition
improvement) than it was among individuals without those
conditions, of whom 13% signed up for the DASH program (P
<.001). For employers interested in offering benefit programs
equally to all employees rather than targeting a selected subset
of the employee population, thisfinding provides evidence that
the DASH for Health program benefits the subset of the
employee population whose health risks are of concern and
whose health status is targeted by the program.

Our results expand on the aready-published reports that
Internet-based programs can have positive effects on clinical
parameters such as weight and blood pressure [11,19-22] and
contributeto our understanding of the effects of nutrition, weight
management, and exercise programs on health care costs in
targeted populations [23-26], including workplace popul ations
[3,27-32]. Several recent studies indicate  that
workplace-sponsored, Web-based programs can lead to these
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improvements in clinical parameters[11,33-36]. Our focus on
the effects of an employer-sponsored, Web-based diet and
exercise program on health care costs also expands our
understanding of the effects of employer benefitsthat encourage
employeesto better manage their health status and contain health
care costs. Hsu et a [37] observed significant increases in
nonpharmaceutical health care expenses over ashort time period
among persons with chronic conditions who reduced their
prescription medication usein responseto increased cost sharing
in benefit design. By contrast, regular use of the DASH for
Health program may encourage health behavior changes that
result in cost savings among persons with chronic conditions
in a similarly short time frame. The benefits of DASH
participation among healthier, younger enrollees may be evident
over alonger time period than the year evaluated for this study.
Employers, particularly those who are self-insured, may be
interested in both short- and long-term employee costs and
health status and chooseto invest in health statusimprovements
that will show benefits over the long term [38-40].

Limitations

A number of study limitations should be noted. Our analysis
used observational data and is vulnerable to selection effects,
which represent the largest threat to validity in observational
studies. Our use of acontrol group and a pre-test, coupled with
our use of a propensity score, are standard mechanisms for
addressing selection bias in quasi-experimental study designs.
However, our model would not control for the possibility that
study subjects who were motivated to manage their CV risk
conditions were more likely to enroll in DASH for Health and
would visit the website more often. However, it isunlikely that
our finding that even moderate use of the DASH for Health
program isassociated with lower health care costsisattributable
to motivation and not to participation in the program. This
finding isconsistent with clinically oriented studies of the DASH
diet program indicating that the DASH diet is associated with
improved blood pressure, lower cholesterol levels, and increased
insulin sensitivity. Such clinical improvements would be
expected to be associated with lower health care costs.

Severa other limitations should be noted. Firgt, the study sample
was limited to persons with health care costsin both years. The
proportion of study subjects with costsin only one year (costs
in baseline year only: 90%,; costs in study year only: 79%) is
consistent with the national Medical Expenditure and Panel
Survey (MEPS) data indicating that 11% of commercialy
insured persons do not use health services in a given year.
D2Hawkeye received and cleaned the source claims data and
reported that the proportion of study subjects with zero costs
was higher than expected. Because the data could not be sent
back to the data warehouse for review, we chose to restrict the
study to persons with costs in both years. In analyses with all
study subjects, including those with no costs in either or both
years, costs for all DASH participants were significantly lower
than for non-DASH participants, and the cost savings were
higher among DASH participants with CV risk conditions.
(Results available on request.) Restricting study subjects to
those with costs understates the effects of the DASH program
on costs. Second, our analysis compares study subjects who
visited the DASH website at least once with those who did not
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visit it at all. However, subjects who visited the website once
during the study year would not be expected to benefit from the
nutrition and exercise education that the DASH for Health
website program offers. Our finding of a dose-response effect
would be strengthened by the inclusion of subjects who signed
up for the program but never visited the website. From the
perspective of benefit design, this effect would be more useful
for guiding planning or coaching efforts. Third, our propensity
score is based only on available data and therefore may not
completely address potential selection bias. It is possible that
DASH participants with CV risk conditions would have had
decreased hedlth care costs without participation in DASH.
However, the clinically observable effects of the DASH diet on
CV risk conditions make this result less likely. Fourth, our
results are based on all health care costsfor al conditions. Costs
for conditions targeted by the DASH diet cannot be
distinguished from costs for medical conditions that are not
likely to benefit from improved diet, such as pregnancy and
childbirth and back pain. However, the dose-response effect
among participants who use the DASH website more often and
the increasing significance of additional website usage in the
DASH CV risk group suggest that participation in the DASH
program is related to decreases in health care costs among
persons at higher risk for health care expenses. We performed
additional analyses of the effects of DASH participation on
study year costs for subjects with different baseline year risk
levels. Based on the regression model, at higher levels of
baseline year risk, DASH participants had significantly lower
study year costs than nonparticipants. (Results available on
request.) Theseresultsare of particular interest given that higher
levels of baseline year risk are predictive of higher costs [13].
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Finaly, study year costs include heath care costs incurred
during the initial enrollment period. The effects of DASH for
Health program participation would not expected to be evident
during theinitia launch of the program or during the first few
months of the year. However, this limitation suggests that our
study resultsunderstate the effects of DASH for Health program
participation since they include thisinitial time frame.

Our focus on short-term cost savings does not examine whether
these savings are offset by increases in other costs [40].
Although the DASH for Health program is relatively
inexpensive, further study to evaluate its cost-effectiveness as
a corporate benefit would be beneficial. Finaly, the study
sample was limited to employees at one technology firm and
their dependents. Our study results may not be generalizableto
persons without employer-based insurance or to adultswho are
less comfortable using the Internet for information about diet,
exercise, and health management. Research into the
effectiveness of DASH for Healthin other populations is
warranted.

Conclusions

Use of an Internet-based program that targets changes in diet
and exercise to reduce weight, cholesterol, and blood pressure
shows evidence of reducing short-term health care costs among
personsat high risk for health care expenditures with conditions
targeted by the diet. Offering access to awebsite with diet and
exercise information appears to have promise as a low-cost,
employer-sponsored benefit that contributes to lower health
care costsamong personsat higher risk for above-average health
costs and utilization.
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